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3. 



9h* tMts woro Mdo in th» Mfttorlftle tostlng laboratory at 
tha DtalTorslty of ffisoomain, during tbo sohool yoar of 1916 and 
1917, by tbo authora, vndor tbo diraotien of Profotsor 1I«0* 
fithoy, 

Soopo of tho Worfc * - Ibo natoriala uaod in tboso tosts oon- 
sittod of firo ooarao aggyogatos and two fino aggrtgataa* 9bo 
ooarao aggrogatoa usod aaro Janotrilla grarol f^oa ^anosrillo, 
fisaonain, Lehwillo graaito from Lobrrillo, fitoonaia, Xtottlo 
BiTor sandatont froa flaadatoao, Minnasota, Viagara liaostona 
froa BMiaa, Wiaoonain and lower aagaasian liaoatono from iMiton, 
fiaoonaia. Tba fino aggrtgatos nsad waro bank aand froa Jtnot- 
Tillt, ffiaoonain and Lobrrillo granito soroanings froa Lobrrillo, 
fiaooatia. foaaion taats, ooaprossion toata and abrasion toats 
waro aado of oonoroto nado froa tbo aboro aaaod aatoriala* 

laknoalodgoaottt ♦ - Tba thaidra of tho aathora aro duo to 
Xr.Oordoa A* Boaba aa voll as to Frofaasor Ibraaa for raluablo 
suggaations obtainod txm thoir work along a siailar lina« n- 
faoial aaknowlodgaaont ia duo to Profossor fitkay for aany Tal- 
uabla auggostiont and adrioo. Sho aa^ority of tho taats wara 
■ada by Kr.Sana and Kr.Eolaoa but owing to tho withdrawal froa 
aahool of lir*9aTia to antor tho ailitairy training tho taata woro 
ooqplotod and tho thasia writtaa by Xr.Holaoa. 

Yraaant Stato of Borolopatnt in Vsa of Oonotato for Roads. 
Oaaorata has but vary rootntly aoao into uso as a road- 
building aatorial and oonaafuontly no aatiafaotery asthods bars 
baon atandardiaod for toating it. It prossnt tho tosts> appliad 
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to ooBor«t« for paroBonte ooasist of fwta of tho aggrtfft'los. 
Xt It «s«all7 spooifiod th«t tho ooarto aggrogato Most hsro * 
oortalB orttshlng strongth and a oortaln ••offlolont of hardaaaa 
aa ahowa a Baval abraaioa toat* 

fho raanlta of aaoh toata aro act rollakla Indioationa of tha 
waaving qvalitiaa la a ]paT«n«at« 

Za aa Maali aa oonorato aakoa a ohoap and dnrablo paroBont vhara 
it la properly aoaatruotod and aany ailoa of aaoh paroaonta art 
baing bnilt la tho uaitod Statoa oTory jaar.it follova tbat tharo 
la a naad of aoaa atandard taat hj aaana of whloh tho vaaring 
taalltiaa of aggragatoa for oonorata aay bo aooioratolj foratold. 

Balation of Praaoaad forfc to yrayioaa fork * - Abraaion 
toata of oonorata alallar to tboao daaoribad la thia thaaia hara 
boon nada by Profaaaor Oharloa f •gboop of tbo uairaraitj of 
lUimaaota, hj Mr.Clordoa A«Baoba of tha liaiTaralty of Wiaoonain 
and by Profaaaor Abraaa of lowla xaatltuto. fha praaant work 
dlffara froa thoira hoaarar in that difforant aatoriala wara naod 
aad tha apaoiaana toatod waro of a difforant f or** 

gtatoaant of Parpoao * - tha porpoao of tha taata, doaorib* 
ad la thia thaaia, aaa to atndy tha ralatiro raaiatanoo to abra- 
aira vaar of oonorotoa aada froa tarioaa aatoriala aad to davalop 
a taat ald.oh oould aaaily bo appliod to taating oonorata for aaa 
in paToaanta* 



tha waaring aation to ahioh a paroaant ia anh^aatat ia 

diffiottlt to aqpproziaato ia tho l^oratory. in antoaobila 
tranraliag orar a paToaont anbjaota it to bat lit t la iqpaat affoot 



Ooaaral thoory. 
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flM ttbVMlT* Mtiaa of sooh trafflo ipon a p«TMMnt is gr—t, 
hvnmx, ••p«ol«ll9r if th» Mr is trttvsliag r^idlj. lh«m ths 
osr PM8M orsr aoogr sliifht usmmsM in th« p»T«meBt it Imtss 
th« grewd for sa iastaat* fhs sagiao raoos MtMiag th* rssr or 
iriTo wlwsXs to atro factor vhilo tho front vliools haro a tonteaoj 
to aoTo aoro oloaly* Ihaa tho oar is agaia on tho paroasat all 
f oar ahasls aast aoro at tho saao rato aad tho paToaont aast naAor- 
go oonsidoxahla lArasiro voar hoforo this oondition is hrovi^t 
^oat. la additiia to this astioa, aatoaohilos prodaoo partial 
▼asaaas hohiad tho i^sols iMoh saok tho f iao partiolos txm tho 
road aad oaaso rarolliag* Ihoa a aagoa passoo oror a pa r oa o a t 
tho lattor is soh^ootod to tho iapaot of tho horsos' shoss aad 
of tho stool ahosls of tho rohiols* Odasofaoatlj it oaa ho sooa 
that tho voar ia a paroaont is dao» priaarily.to ahrasivo aotioa 
aad iapaot* Itoaj aajs aro ataiiablo for ohtaiaing oithor of 
thoso offaots ia tho lahoratorj hat it is not so aasj to oMaia 
a ooahiaatioa of tho two iMoh approxiaatos tho aotaal voar ro- 
ooiTad ia a paToaaot* 



Ooarsa laaraaatos * - Whlo X shoaa tho aisos of tho ooarso 
aggrogato aad tho poroontagos of oaoh hy vaight vhioh aoro osod 
to asko vp tho ooarso aggragato indioatad ia tho toots. 



of Ooarao Aggrogato Vsod ia Mting Major it 7 of foots. 

Biaos of opoaiag ia sioros ia inohos Poroont asod woight. 



■ktorials. 



Sahlo I. - Proportioas of Sifforont gitos 



1/t - 8/4 
3/4 - 1-1/4 



80.8 



66*7 
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Two •zo^ptiOM wr% BaA« to thiu vtlM b«m17 X^S ana Xj4. 
Iho •Mrs* ftcsr^gatM in ttea* Mohos wtr* bIssA in th* follow- 
lag proportions. 

Wblo n. * Proportions of Dlfforont Sisos of Ooarso 
iggrsgatos Vto4 in Itaking Spooial Tosta. 

Mtoh 8iB0 of oponing in aiaros in inehoa Poroont uaod by voight 
1^3 1/4 . 1/8 14 

1/8 - 3/4 14 

3/4 - 1-1/4 £9 

1-1/4 8 48 

Total 100 

Xj4 1/4 - 1/8 30 

1/8 - 3/4 30 

lotal 100 

fino Aggroaatoa * - Siora aaalyaaa of tho fina aggragataa 
wara MAa by ahaking « 1000 gram aaapla for tan Minntaa in « 
Bo*Vap aatooatia abakar witb tha following raaalta. 

Tabla III. - Siaro Analyaaa of Sanda. 
Siara Iiabara 4 e 14 88 4a 100 H paaaing 100 
JanaariUa 8*0 17.4 83.8 40.8 88.0 97.8 8,8 
Ltfhrrilla 8o. 3,3 88.8 39.7 34.8 70.0 83.8 18,8 

Ojmant. - Tha oaaant uaaA in thaaa taata «aa IftiiTaraal Port- 
land aaaant. 

S»bla IT. - faata of Oaaant. 

Pinanaaa 

Baaidoa on #100 aiara : 8 paraant 

Baaidna on #800 aiara I 19.8 paraant 
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tim of iaitial Mt : B to. 10 almtM 

Tim* 9t kftvd : i hr. 8i ■iaii'l«« 

fMTOMltegM Of VitOV VtOt for bVlfttOttM 

Io«t. St.S liS, 9«tS poroo&t 

nnd of amai. oood for tolfttottoo 

f •■poratort at BlziBg bylfuottot 

Mov f0<> Y Air too f. 

fo^pormtnro at aixias Ooqprotoioii qpooiaoas 

mor TfO f Air feo f . 

toaallo ttromffth t Afttngo of ttareo toiqutttoo 
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Btiorlptlon of thm iiotlMd aaA ipparatus w«d. 

B— stMi fog 8ol—ting yrtMnt Kothed .- f)M prosont MthdA of 
tostiaf t)w spoeiaisui inw Mltotod for tofvoral roMOtts. Piv«t, 
\hM ttbraoloa toit m horo parf oraoA olotoly approaeiwtoi tho aotMl 
w—x vtULoli • pftToMnt voooiTOS* SoooBd, tklB tost oan omIIf 
third, ¥7 tostiaff tororftl difforont spooiaoBS «t tho mm 
tiao all aro •u^^Jootod to oMotly tho mbo troataont a&d so « ro» 
liablo ooaporiooa oan bo aado botwooa tho dlfforont aatorialo. 
f ovrth, tho toaaioii and ooqproatlon toata woro aado to aoo if thoro 
«aa maj roXation hotwooa tho toaailo or ooaproaaiTO atrongth of 
tho ooBoroto and it a rotiatanoo to ahraaion. 

Ooahlataa oad Proportioaiag Matoriala * - fan diff orwit kiada 
of oonoroto woro aado ¥7 ooahiaias oaoh ooarao aggrogato with aaoh 
fiaa agsrosalo. fwo additional kiada waro aado ¥7 TavTiag tho 
aiaoa of ooarao assrogata aa iadioatod nador aatoriala in fabla III* 
All of tho oonoroto waa aixad in tho proportion of,g3e^i^>7U^}«BO. 
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madM . - fh» sizing was ail Atn* ^7 % l«. 0. Smith Moh 
■isnr* Two bftt«h«« of oMh kind of oonoroto voro nado. Baoh 
tatoh «a« niz»A ono Bianto Ary and tvo miantos wot at a opooA of 
18 B.P*M* flM oonoroto was aado ^not wot oaoogfa to olido ea aa 
oilod plato oot at thirty dogroos with tho horiioatal* 

teooiaono . - four apooiaoas for tho ahraoioa toot and oao 
•aoh for tha tonoioa and oo^groioion toots woro aado from oaoh 
hat Oh. fho ahrMioa opooiaons woro 19-1/S iaohoo long, 4-8/4 
iaohoo thiok aad • inohoo wido« fho ooaproosioa qpooiaont woro 
oylindori 6 inohoo in diaaotor ftad 18 iaohoo long* fho tonalon 
•pooiaoBO waro also oylindoro 4 iaohoi in diaaotor aad IS inohoo 
long, fhroo holts woro iiihoddsA for iqnpvoxiaatoly fiwo inohas 
in aaoh ond of tho tonsion ojliadars. fhoso holts waro vaood 
syaotrioally ahout tho azio of tha oylindsr so as to giro a tras 
axial pall ahoa tho oylinAors woro tostod. 

Oaring . - fho opooiaons woro roaofod froa tha aovlds at tha 
and of twoat7-foar honrs aad plaood in a aoist oloaat whoro thoy 
woro kapt daap natil 46 hours hof oro thoy woro tostod. fhoj waro 
thoa tskoa oat and allowod to drx in tho lahoratory sntil tostod 
at tho ago of £8 dajs. 



fho toasila spooiaons woro tostod on an Olson 60,000 * Ih. 
tooting aaohina. flat stool platos woro shippad oror tha throo 
holts in oaoh ond of tho OTlindars and tho harrs wsro than pot on 
tho holts, lha pall of tho aaohiao was txftnsaittod throngh two 
holts hold ia tho palling hsads of tho aaohiao, throai^ knifa 
odgo hoarings to tho platos, thonsa tlurongh tho platos to tha 



fiosoription of fonsion foots. 
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^oltt ud threofl^ tJM bolt! to th« «7li]iA*r ItMlf * fh* knif« 
•dg* b««riaft iiumro ml udLal pvll on tte ojllnd*v* Wig* I 
lllutrmtas th* attkM ef t««tiag saok spoAlMBS mw •1—xlj 
than it Mn b« A«aarib«d. 

l>wrlPtion of Oowpy— ion g»»t« .«» fho ooaaprosoion totts 
woro Mdo on * Xiobl* 100,000 - lb. tooting moMno. fkm boarlny 
onrfoooo woro pretootod by blotting popor vkioli tondod to ororooao 
tko of foot of OBJ alii^ht onoTonnoosoi la tbo swfaoos* 

Joooyiption of Abrotoion gooto * - fho obrMiQia tooto voro 
■ado in a f iaina Olaon Sattlor fvoa akiob all bat four of tho 
atarao bad boon roaorod* Boron apooiaona vara taatad at ono tiao. 
fko aoToa blooka woro bald in tho f on of a aoTon oidod polygon 
by aoano of two aatal ringa. Voodan blooka woro nood to wodga 
tho apaoiaona ti^tly in tha ringa* A oharga of oi^ larga and 
ono hnadrod and fifty aaall atool balla aaa plaood inaido tho poly- 
gon and tho vholo plaood in tho aaohino* fho woi|^t of tho larga 
ahot waa 5B poanda and of tho aaall ahot 14ft poando aaking a total 
of £00 poimda* Tha toat oonaiotod of a two hoar ran at thirty 
rarolntiana por ainuto aaking a total of 9600 rorolntiona in all* 
fho aaoant of woar oa tha ianor anrfaooa of tho blooka waa dotor- 
■inad by woighing tho blooka boforo ond aftor oaoh ran* froa thia 
data tha poroontago of loao in woifl^ of oaoh apaoiaon waa oal- 
oulatod* laanaing that tho apaoiaana woro oaoh 4-8/4 inohoa thiok 
and oaing tho poroontagao obtainod aboro tho arorago dopth of woar 
OTor tho ontiro aorfaoo aaa datominod in inohoa for aaoh blook* 

mffioaltiaa aaooaatorod and Mothoda of Ororo owing Thoa. - 
Whan work waa fixat bogvn on thaao toat a, it waa intandad to aaka 
tha q^iaana for tho abraaion toata l«-8/4 inoh^a^. b^*^ ^^^-^^a 
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by 3 inohfta, and on* bateh of bleoks w%m wmAm of thia alaa« 
At %h» and of aaran daja, an attaapt vaa nada to taat thaa bat 
thay araokad badly and wara roinad vithin fiftaaa ainataa aftar 
thay vara plaoad in tba naohina. fbla akovad tbat tha blooka moat 
aithar ba nada thlakar or rainforoad. fha f oraar altamatlTa vaa 
ohaaaa and tha bloaka aada 4*9/^ iaahaa thiok aftar vkiah no fnr- 
thar troubla vaa ai^arianoad. 

Oonaidirabla diffiaalty vaa asparianaad in gattin^ aoaa of 
tha apaoiaana into tha Sattlar. Ihla vaa doa to tha faot that 
thay vara anppoaad to ba 19-3/4 inahaa long, S iaahaa vlda and 
4-0/4 inahas thiak vharaaa tha alaar diataaaa inaida tha rattlar 
la SO inohaa. Tha apaoiaana vara aada in faraa aoapoaad of 
ahannal irona olaapad togathar vith voodan bloaka to aaparata tha 
Tariona apaoiaana* Whan tha oonarata vaa plaaad in tha foraa, if 
graat oaaa vaa not takaa, tha bottoaa of thaaa voodan bloaka vara 
pvahad out alifljhtly aa that tha tvo and faaaa of tha bloaka vara 
not parallal and tha bloaka bonnd i*an p«t in tha rattlar* f o 
ararooaa thia tha bloaka vara aada 19-l/£ iaahaa lonir and but 
littla diffiottlty vaa a^pariwaad aftarvard daa to thia oaoaa* 

Sonraaa of >rr or .- tn tha oaaputatiana, it ia aaanaad tliat 
all tha bloaka ara axaotlj 4-3/4 iaahaa thiak and tha inahaa of 
vaar ooapntad an thia baaia* la praotiaa, it ia iapoaaibla to 
aaka tha bloaka all of aiaotly tha aaaa thiekaaaa ao that a alight 
arror raaolta in thaaa ooqpntationa. rvrthar, aaaa Tariation axiata 
ia tha apaad af tha rattlar* Oonaaqaantly, althaac^ aaoh aat of 
apaoiaana vaa run far tvo haara, doa to Tariability in apaad tha 
traataant of tha diffarant ohargaa vaa not onif ara bat tha arror 
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In tMtlnff thm ooaprssaioa mp*9tmnM torn ••otntrioity of 
loadl2is proWbly osonro birk Mhim waui ollKixiatod so fiir m poaaiblo 
b7 tho oso of tphorioia •OBproooion lioftdo and blotting fapor* 

In tosting tlio tonoion ■pooiaans oaoontrio loading vac aroid* 
•d ao far aa poaaiblo %j tha apaoing of tha bolta and by pulling 
tluroui^ knifo adga ¥aaringa* in orror raaulta in tha ooaputatiana 
ia tka tonaion taata dna to tho faot that in alaoat arary aaaa 
tlia fraatara ooonrrad in tha plana of tha bolt haada and no allow- 
anaa aaa aada for tha dooraaaad araa« fba arror dna to thia aaaaa 
ia alight aa tha araa af tha holt haada ia only abont 4 paroant 
of tha total aroaa aaational araa of tha apaoiaan and tha bond 
hatvoan tha oonarata and iron ia naarly a^val to tha tanaila 
atraagth of tha oonarata. 
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Ml9 T - Xty to Murks 

J IndioatM JIUMSTlll* gM.T«l 

J " " sand 

L " L»hrnil« ovnsh*d svtAita 

1 " N N ••rMAlBSI 

X " Ktttlt BlT«r oroshad Moidctoa* 

B " fiMla* omslitd liawstoiia 

X * Itedisoa onuOiad li««stoii* 
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5.0 


7.6 


J4 22 


67.9 


63.0 


4.9 


7.2 


JJ 23 


67.1 


61.6 


5.5 




AT«rag«s 









Less in inohss 



Jl 21 60.5 


55.8 


4.7 


Jl 22 65.9 


69.3 


6*6 


Jl 23 64.3 


58.3 




ATsragos 




6.4 


wx ox oo.x 


OX«3 




Jl 32 69.2 


WW • r 


ft S 


Jl 33 6fi«6 


63-7 




Jl 34 65 sS 




%/ • w 








KJ 11 61.8 


55.7 


6.1 


12 62.3 


59.2 


3.1 


KJ 13 Ct.O 


57.3 


4.7 


KJ 14 62.8 


58.4 


4.4 


Aroragos 




Kj 21 






22 64.8 


60.2 


4.6 


KJ 23 63.2 


53.0 


4.2 


EJ 24 61.4 


57.5 


3.9 


Arsragss 






El 11 61.5 


58.6 


2.9 


El 12 61.0 


57.9 


3.1 


El 13 62.1 


59.5 


2.6 


El 14 61.4 


58.2 


3.2 


Areragss 




El 21 59.7 


55.6 


4.1 


Ha 22 59.1 


53.1 


6.0 


El 23 62.0 


58.2 


3.8 


El 24 62.0 


58.6 


3.4 


Areragss 




#Vot tsstsd at 


26 days 





7.8 
9*3 



8.8 

7.27 
7.96 
7.15 



9.87 
4.98 
7.53 

SSL 



.36 



7.1 
6.65 

-m 

4.72 
5.08 
4.16 

4.60 

6.87 
10*15 
6.13 

6.17 



•330 
..304 
•332 

t4» 
.366 

.361 
.342 

, t W, 
.366 

.370 
.442 

•418 

• 345 

• 378 

• 340 

.aft 

..36' 



.468 

.236 
.360 



.337 
.316 

.320 

.224 
.241 
.199 

•228 

.326 
.482 
.291 

.298 
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TiBLB YII (Continued) 



Veight Weight Lose Lose 



Lose in inches 
of thiokneee 



LI 11 


64.2 






LI 12 


64.6 


59.3 


5.3 


XO 


Ov«v 


A1 f\ 








O f eO 


e 9 










Ll 21 


66.7 


61.2 


4.5 


LI 22 


66.0 


59.6 


5.4 


I& 2S 


64.3 


59*6 


4.5 


Ll 24 


64.9 


60.1 


4.8 




ATeregee 






Bl 11 


63.7 


59.6 


4.2 


Bl 12 


65.3 


61.8 


4*1 


Bl 13 


65 


61.4 


4.1 


1^ 14 ^ 


65.1 


61.1 


4.0 


Areragee 






Bl 21 


62.5 


58.2 


4.3 


Bl 22 


64.0 


59.0 


5.0 


Bl 23 


65.1 

WW e A 


59.9 


5.2 


Bl 24 


w^ 


wV • w 


W • W 










LJ 11 


68.5 


66.6 


2.9 


LJ 12 


67.7 


64.1 


3.6 


Lj 13 


66.4 


62.6 


3.8 


LJ 14 


68.5 


•4.9 


3.6 




Aferagee 






LJ 21 


68.0 


61.0 


7.0 


LJ 22 


64.9 


52.1 


12.8 


LJ 23 


64.9 


54.1 


10.8 


LJ 24 










Areragee 







BJ 11 67.9 64.2 3.7 

BJ 12 68.9 64.9 4.0 

BJ 13 68.0 63.7 4.3 

BJ 14 70.3 66.6 3.7 
. Areragee 

BJ 21 

BJ 21 65.3 61.6 3.7 

BJ 22 66.3 62.7 3.6 

BJ 23 66.8 63.2 3.6 

BJ 24 67.3 63.9 3.4 
Areragee 



8.21 
6.87 



6.86 
8.32 
7.00 
7,40 

rt2S 

6.60 
6.28 
6.27 
6.16 
6.38 



6.88 
7.82 
7.99 

7.19 

4.23 
5.32 
5.72 

5.13 

10.3 
19.7 
16.6 

15.53 

5.45 
5.81 
6.32 



5.67 
5.42 
5.39 



.390 
.326 

.326 
.395 
.332 

• 343 

.313 
.298 
.297 



• 327 
.371 

• 379 

.341 

.201 
•253 
.271 

^244 



5.38 



• 488 
.935 
.788 

"TtsT 

.259 
.276 
.300 
.250 
.271 

•269 
.257 
•266 

•255 
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TiBLB yil (Concluded) 





Weights 


Weight 


Loss 


Loss 


Mark 


"befor* 


afte;r 


Lbs. 


psroent 


XL 11 


66.2 


63.5 


2.7 


4.08 


XL 12 


64.0 


60.6 


3.4 


5.32 


XL 13 


63.1 


60.3 


2.8 


4.43 


la 14 


63.3 


60.5 


2.8 


it9S 



Loss in inches 
of thickness. 



Arersc** 



Xj 11 66.1 61.3 4.8 

XJ 12 66.1 63.3 2.8 

M) 13 68.7 64.0 4.7 

KJ 14 67.4 63.0 4.4 

Arersges 

XJ 21 65.4 61.0 4.4 

Xj 22 63.8 60.8 3.0 

Xj 23 67.7 63.0 4.7 

24 65.7 60.7 5.0 

Arersges 



Ayerages 

SJ 41 60.9 56.6 4.3 

42 62.0 54.8 7.2 

C4 43 57.5 53.4 4.1 

EJ 44 58.1 52.7 5.4 

Ayerages 



4.56 



7.27 
4.23 
6.85 

6.22 

6.72 
4.70 
6.94 



6.33 

7.07 
11.62 
7.13 
9.30 

8.78 



.134 

.252 
.210 

.216 



XL 


21 


66.5 61.4 


5.1 


7.56 


.353 


XL 


22 


64.8 60.3 


4.3 


6.67 


.316 


XL 


23 


65.4 61.0 


4.4 


6.72 


.313 


XL 


24 


64.9 60.1 
Ayerages 


4.8 


7,iW . 

7.09 




.336 



• 345 
.201 
.278 



.319 
.223 
.329 



•30 





31 


62^6 


57.6 


5.0 


8.00 


• 380 


rj 


32 


64.6 


61.1 


3.6 


5.42 


.257 




33 












KJ 


34 


62.6 


S9.1 


3^5 







.301 



.386 
.552 
.339 

•417 
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TAKLB VIII Ooaparl»on of Ararage Results 
_of the different Tattles 
(Materials arranged In order of 
Reslstanoe) 



Cttspreselon Tension AfrrftffAffl 

Ibtterlals Strength Materials Strength Materials Arerage 

iy>*/in.^ Suu^aaj 

ig 2429 266. LJ .244 

Bi 2305 Mj 252 Kl .264 

J J 2300 J J 238 BJ .263 

Ml 2042 Ml 223 Ml .276 

Ml 1622 Bl 210 Mj .302 

1612 Lj 204 Bl .322 

Kj 1598 Jl 204 .334 

Ml 1511 Kl 203 LI ' .356 

Jl 1448 176 J) .366 

LI 1411 LI 172 Jl .392 



Arerage Abraslre Reslstanoe of 
Conoretesaade with Different 

99trf? Aggmft^ff I 

Material Arerage 



Arerage Abraslre Beslstanoe 
of Oonoretes made with 
Janesrllle Sand and Lohr- 

Arerage 



M .283 Janesrllle Sand .302 

B .292 Lohrrllle Soreen- 

S .299 Ings 322 

L .300 
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TaUbl* 9* - 9pMlfl9 Walgbta of Ass^egatM Vs«d in CMts 



MftttrUl 8p*oif le Wtigbt 

J lOT 

1 108 

9 94*9 

X f9.« 

L dO.f 

X 80.0 



Kg 8T,8 

r8.8 

OmmbI 94.0 
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Lj 11 LJ 23 XJ E3 XJ 14 RJ 24 Bj 12 11 UJ 21 

JJ 21 JJ 13 

Vig.2.- Showing Batnltt of Abraalon Tests on Oonor«t«s 
]fftd« from JanesTllle Sand and Yarioos Ooarss 
Aggrsgates. 
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S*porl on Ooadltlon of tho Spoolaona 



A>rm«lon To»t» « - fho ooadltlon of tho •poolaons ontjootod 
to tho abrasion toot oau bo aoro oloarly ooon from tho photographs 
than from a dosorlptlon of thorn* 8oao llttlo dlsoosslon of tholr 
oondltlon Is, hovoror, adTlsahlo* fig* II shoim tho rosnlts of 
tosts on oonorotos oado with tarlons ooarso aggrogatos ooaiblnsd 
with JanosTillo sand, a roprosontatlro spoolaon holng takon 
froa oaoh hatoh* 

fho two hatohos aado from Lolurrlllo granlto show wldoly 
dlfforlng roslstanoos to woar* Tho hlooks of tho first batoh show 
tho laast woar of any and haro aalntalnod a oo^paratlToly smooth 
sorfaoo whllo tho hlooks of tho rooord batoh hsTo worn tho most 
of any of thoso tostod* Iho oomors woro knookod off thoso spool- 
aons and thoy tfhow pits whsro tho stono has brokon away ttm tho 
mortar. In othor plaoos tho stono appoars to hSTo omshod and 
spilt off* 

fho XOttlo RlTor spoolmons show a ooaparatlroly smooth sur- 
faoo with tho stono woarlng donn with tho mortar Instoad of klok- 
Ing oat. 

fho Baolno spoolmons appoar to woar tho most onlforaiy of 
any of thoso tostod* fhoy ihow bat slight woar and tho stono has 
worn down oronly with tho mortar* 

fho spoolmons mado from tho Msdlson stono show a slight and 
oomparatlToly OTon woar* 

fho JSnosTlllo graTol spoolmons show pit holos whoro tho 
grarol has boon knookod looso from tho mortar* fhoso pit holos 
oaoso tho sorfaoo to woar rapidly and booomo Tory onoTon. 
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•5« - Showing Retolt* of Abrasion fe«t« on Oonorotes 

Ifado from Lohrrlllo Soroenlnga und lurloas Oom% 
Aggrogatos. 



Digitized by 
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fig* III shows ths results of tosts on oonorotos asdo irlth 
T«rlo«s ooarso aggrogstos oombinod vlth lOhrrlllo soroonlxigs» 
A rsprosontatlTO spoolaoA Hoing ttJcon from osoh batoh* 

Iho Lohrrlllo spooinsns ihow oonsidoMiblo wosr but tho 
sorfMO is ooaparatiTOly smooth showing that tho wotdr has boon 
onifoni and that tho stono has not kiokod out mooh* 

Vho Kottlo BiTor sptoimons show a qnito oTon sorfaoo, tho 
stons voaring oronlj with tho mortar* Thoso spooimons on tho 
vholo appoar to haro withstood tho abrasion tost tho boot of any 
of thoso tostod* 

fho spooimons mado from Baoino stono show a ooaparatiroly 
•Ton snrfaoo with a modiom amount of woar* 

Cho spooimons mado from tho Madison stono haTO an ozoopt ion- 
ally smooth svrfaoo ant show b«t littlo woar* 

Tho JanosTillo grarol spooimons woro badly worn. Iho snr* 
faoos of thoso blooks woro nnoTon, many of tho stonos baring 
boon knookod out* Ihoso pit holos oan bo soon on blook nombor 
( j 1 33) in fig.III. 




26 




Kj 34 Kj Se Ej 31 Ej 43 42 41 44 

71g« 4. - Showing Besnlts of Abrasion Tests on Oonerstes 
liAds from Jftnesrills Ssnd and Tarious Sisss of 
Xettls BiTor Sandstone. 
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EJ 34 Sj 3S Ej 31 Ej 43 42 Xj 41 EJ 44 

Vlg« 4. - Shoving Betulta of Abrasion Tests on Oonorstes 
Ma^e from JSknesrllls Sand and Tarioas Sises of 
Esttls BlTor Sandstone. 
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71g*IT •hcmu th« rMolis of t««t8 en ooner«t«« Mid* 
with different eiiee of eoaree aggregate • The three tpeolmens 
on the left were made from Settle Rlyer Mndetone, ranging in 
siie fjrom 1/4 of an inoh to B inohee, and Janearille sand* 
fhe f oar hleeka on the right were made trcm Settle BiTer sand- 
stone tarTlng in aise from 1/4 inoh to 3/4 inoh and Jmearille 
aand. The hlooha were made as naarly alike as poeeihle in other 
retpeeta. These oontaining the o oar ear stone seam to hare worn 
mere uniformly than the othera whioh hare worn oonsiderably at 
the ends* 
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SMitiOBi 9»«t«. - In totting th« ttnaion 07lind«r8, 
oylinder (U^l) was th« only ■p«olB»n thloli did aot br«ak In th« 
plan* of tli« belt hMda. 

Cylinder (XjS) «»■ • poor tpoolMB «■ ono of tho bolts vat 
plaoad too noar tho attrfteo and pallod oat at a load of 9800 
VkM* fhXm oylindor failod oonplatoly at a load of S7£0 lbs* bat 
tha ona bolt palling out aado tba loading oooantrio ao that tho 
tanaion toat on thia blook la of littlo valuo* 

Iha spooiaaa (KjS) was alao a poor spaoiaaa aa it was la- 
proporly taapad and tho bolt a alippod during tha toat* 



Tho rolatlTo darabllity of difforant oonorotoa vh«i aub^Joot- 
ad to abraaion and iapaot aaoaa to dapmd not alono apon tho ooarao 
aggrogato or apon tho fina aggragato asad but upon tha oombination 
of tho tvo aa aoaa of tho ooarao aggragatoa ahev laaa waar whan 
ooabinod vith aand whila othara shov loaa woar whmi oombinod with 
aaraaninga* fhaao faota ara aora oloarly bronc^t out by rofor- 
anoo to f ig.T whara tho ararago raaalta of tha dlffarant toata 
with aaoh ooabination of aggragatoa aro plotted againat tha diffor- 
oiit aggragataa. Thoao oarraa indioata a relation batwaaa tha 
tanailo and ooapxaaaiTO atrongtha of tha aama kind of oonorato 
bat aaithar of thoao aaaa to boar to baar any relation to the 
realatanoa to abraaion and i^^t* fhe oarrea ahoan in fig.T 
iadieate that aand giraa a higher tenaile or ooapreaaiTo atreaa 
than aereeninga whan ooabinad with tha aaaa ooarao aggregate* 

fhe abraaiea taata aada ahow that for the different aator* 
iala oaad the ooaarate in wkieh broken atone ia aaad weara better 



OoBOlaaiona 
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than that in vhioh grftral la Thla ■••ma to dua to 

tha non-nniforalty in hardnaaa of tha graral* Tha mortar aaara 
ottt from bataaan tha hardar paliblaa and than thay ara looaanad 
and oena oat laaring holaa in tha apaoiaan* Sha impaot than 
rapidly waara away tha apaoinan around tha adgaa of thaaa holaa 
aanaing tha aurfiaoa to haonao Tary Qnaran* 

tha aoftar atanaa aaan to giTO battar raaulta than tha hard* 
ar anaa aa thay waar doan mora aranly and ao ara laaa affaotad 
hy iapaat* 

It ia tba opinion of tha aritara that thia aathod of toat* 
ing oonorata ia a mora raliahla indiaation of ita durability in 
a paramant than tha toata of hardnaaa and ooapraaaiTo atraagth 
whioh ara aov in aaa* Should thia baliaf ba aubatantiatad by 
forthar taata» thia work aay aid in bringing into aaa oartain 
olaaaaa of atona vhioh hara haratofora baaa oonaidarad of littla 
valaa. 
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IFPROYAL 



fh% foregoing thesis Is hereby approred as a credit- 
able stady of an engineering sabjeot, oarrled oat and 
presented In a manner safflolently satlsfaotory to warrant 
It s aooeptanoe as a prerequisite to the degree for whloh 
It has been submitted. It Is to be understood that by 
this approral the undersigned does not neoessarlly endorse 
or approre any statwoient made, opinions ej^ressed, or 
oonoluslons drawn therein, but sgpprores the thesis only 
for the purpose for whloh It Is submitted. 



Assoc. Professor of Ueohanios. 
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